mosphere. Through the global carbon cycle, some of 14 CO 2 produced in the atmosphere can be retained in annual tree rings [1] [2] [3] . Therefore, 14 C concentrations in annual tree rings indicate the intensity of cosmic rays. The flux of cosmic rays reaching the earth is modulated by time variations of geomagnetic and heliomagnetic fields. The international radiocarbon calibration curve IntCal13
contains tree ring records of 14 C data with a typical 5-year resolution extending to 13,900 years before the present 4 . The IntCal13 curve shows variations due to solar and geomagnetic activities on a decadal to millennial time scale. However, there are only a few annual 14 C data measured from tree rings. So some rapid 14 C increases caused by cosmic-ray events may be hidden in the IntCal13.
Interestingly, a large amount of cosmic rays can be generated on a short time scale by highenergy phenomena, such as supernovae (SNe) 5 and large solar proton events (SPEs) [6] [7] [8] . Meanwhile, the energy deposited in γ-rays of SNe 1 and short gamma-ray bursts (GRBs) 9 can also cause a rapid 14 C increase. Accordingly, rapid increases of 14 C content in tree rings are valuable tools to explore high-energy phenomena occurred in ancient times.
Recently, two events of rapidly increasing 14 C content occurring in AD 774-775 and AD 993-994 were found using Japanese trees 6, 10 . More recently, a sharp increase of 14 C content about 10‰ within about 3 years was found at BC 660 11 . The AD 774-775 event was confirmed by other tree samples in different places 8, 12, 13 , indicating that this event is worldwide. Unlike very aging trees, the ancient buried woods are relatively common in nature. The period of buried woods spans a long era back. On the other hand, unlike coal, the buried woods still contain the structure of the trees. Therefore, the ancient buried woods are good samples of the carbon abundance research on past epochs up to tens of thousand years ago, as well as on other plant archaeology. For example, the use of the sample may extend the data of IntCal13.
The tree was dated with tree-ring records using standard dendrochronology. We use the master chronology of tree ring widths from California 23 . The program dpLR is used to perform the dendrochronology 24 . We find that the correlation value with the master is 0.525. The possible age error of the wood sample is about 2 years. Considering the age error of 14 C dating is about 20 years, the age from dendrochronology is consistent with that from 14 C dating. We separated annual rings carefully using a knife. The cellulose samples are prepared by standard chemical cleaning methods. The tree rings are measured using the Accelerator Mass Spectrometry (AMS) method at the Beta Analytic radiocarbon dating laboratory 25 . In order to cross check our results, we also measured another sheet of wood from the same tree (as a different sample) at the Institute of Accelerator Analysis laboratory (IAA) 26 .
Measurement data. In general, AMS measures the fraction of modern carbon F , δ 13 C and ( Table 1 and Table 2 ). So the measurement results are reproducible. We find an increase of 14 C content of about 9.4‰ from BC 3372 to BC 3371. After the increase, a gradual decrease over several years due to the carbon cycle is observed. The significance of this increase with respect to the measurement errors is 5.2σ. The profile of this 14 C event shows a rapid increase within about 1 year followed by a decay due to the carbon cycle, which is similar to the AD 774-775 event. In order to estimate 14 C production required for this event, we use the four-box carbon cycle model to fit the ∆ 14 C data. The four reservoirs are troposphere, stratosphere, biosphere, and surface ocean water 28 . The transfer coefficients of carbon from one reservoir to another used in this work are the same as Miyake et al. Therefore, the intensity of this event is about 0.6 times as large as the AD 774-775 event. In order to compare our results with IntCal13 4 , we average the annual data to obtain a series with 5-year resolution. The result is shown in Figure 2 . Considering the measurement errors, the two sets of data are consistent with each other. We also compare our data with the original tree-ring data 29, 30 of IntCal13 in Figure 3 . Interestingly, our measured results well agree with the original data of IntCal13.
Discussion
The rapid 14 C increase around BC 3372 must be caused by cosmic high-energy phenomena.
The solar cycle cannot produce this large increase. There are several plausible origins for this event.
GRBs are the most powerful electromagnetic explosions in the Universe 31, 32 . According to their duration T , they can be divided into long (T ≥2 s) and short (T <2 s) GRBs. Because the intensity of this event is less than that of AD 774-775 event, the energy of a typical short GRB located at a few kpc can provide necessary energy 14 47 . Based on the four events, the probability of large SPEs is about 7.4×10 −4 yr −1 . If we assume the energy of an SPE is comparable to that of an X-ray flare, the occurrence frequency of large SPEs is consistent with the frequency of superflares on solar-type stars 48 .
In conclusion, we find a rapid increase about 9‰ of 14 C content in buried tree rings from BC 3372 to 3371. Whether this event is worldwide is unknown. Therefore, measuring the 14 C content of trees in other places around this period is important. The most likely origin of this event is a large SPE. In the future, the measurements of radiocarbon concentration in tree rings are important for studying the large SPEs and cosmic gamma-ray events.
Methods

AMS measurement at the Beta Analytic laboratory.
Cellulose in tree rings is extracted in the following steps: (1) washing with distilled water; (2) soaking in HCl, NaOH and HCl solutions; (3) bleaching with hot NaClO 2 and washing with boiling distilled water. Then the material was combusted to CO 2 and converted to graphite using standard procedures. The graphite powders produced are pressed into AMS targets and measured using an AMS system at Beta Analytic radiocarbon dating lab in Miami. The 14 C/ 13 C ratio of the sample is compared to known standards (OxalicI and II, National Institute of Standards and Technology standards SRM 4990B and 4990C, respectively), and the result corrected to the measured value of δ 14 C made off line on a stable isotope mass spectrometer, giving a value for fraction of modern carbon.
AMS measurement at the IAA.
Pre-treatment.
(1) Rootlets and granules were removed using tweezers. (2) The AcidAlkali-Acid (AAA) pretreatment process was used for eliminating carbonates and secondary organic acids. After the treatment, the sample was neutralized with ultra pure water, and dried. In the acid treatments of the AAA, the sample is treated with HCl (1M). In the standard alkaline treatment, the sample is treated with NaOH, by gradually raising the concentration level from 0.001M to 1M. If the alkaline concentration reaches 1M during the treatment, the treatment is described as AAA in the table, while AaA if the concentration does not reach 1M. (3) The sample was oxidized by heating to produce CO 2 gas. (4) The produced CO 2 gas was purified in a vacuum line. (5) The purified CO 2 gas sample was reduced to graphite by hydrogen using iron as a catalyst. (6) The produced graphite was pressed into a target holder with a hole of 1 mm diameter for the AMS 14 C dating, using a hand-press machine.
Measurement. The graphite sample was measured against a standard of Oxalic acid (HOxII)
provided by the National Institute of Standards and Technology (USA), using a 14 C-AMS system based on the tandem accelerator. A blank for the background check was also measured.
Data availability The data that support the findings of this study are available from the corresponding author upon request. a The error of ∆ 14 C is calculated from error propagation. In the calculation, the error of the fraction of modern carbon F is considered. a The error of ∆ 14 C is calculated from error propagation. In the calculation, the error of the fraction of modern carbon F is considered.
